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Abstract

Therisk to ecological resources is being assessed at the watershed scale to develop and demonstrate an
alternative strategy for protecting and improving the health of Sinclair and Dyes inlets. Through an
agreement among the Puget Sound Naval Shipyard, the Environmental Protection Agency, and the
Washington State Department of Ecology, the eco-risk processis being used to provide a unifying
framework to focus data-gathering activities; develop and incorporate concerns of agencies, organizations,
or individuals with a stake in the management of the watershed (stakehol ders); foster partnering among
stakeholders; and establish the technical and scientific basis to better protect and improve the health of the
Inlets. The effects of stressors released from industrial and stormwater discharges, sewage treatment plants,
and runoff from the surrounding watershed are being assessed by evaluating historical data, conducting
studies to evaluate stressor sources and effects, and devel oping fate and transport models. The assessment
will define the ecological state of the Inlets and surrounding watersheds, establish alink between
stakeholder values and assessment criteria, define management endpoints, and develop avision for the
ecological health of the Inlets. Results from the assessment will help in addressing agency concerns and
provide data to develop total maximum daily loading for priority constituents.

I ntroduction

On September 25, 2000, the U.S. Navy Puget Sound Naval Shipyard (PSNS), Region X of the U.S.
Environmental Protection Agency (EPA), and the Washington State Department of Ecology (Ecology)
signed a Final Project Agreement to initiate Phase | of the PSNS Project ENVironmental InVEStment. The
PSNS ENVVEST project is part of EPA’s eXcellence and L eadership program which was devel oped to
give communities, state and local agencies, federal facilities, and industry the opportunity to propose
cleaner, cheaper, and smarter ways of protecting the environment. The goal of the PSNS ENVVEST
project isto protect and improve the health of surface waters of Sinclair and Dyes Inlets by developing a
more environmentally protective strategy for managing pollutant sources in the Inlets than the regulatory
framework that is currently in place (Navy, EPA, and Ecology 2000).

Protecting the health of the ecological systems within the watershed requires an understanding of what
components of the ecosystem are at risk, where the sources of risk are coming from, and what is required to
reduce or manage risk. There are issues that indicate the presence of risk to the ecological system of
Sinclair and Dyes Inlets. Sinclair and Dyes Inlets are Impaired Waterbodies under the Clean Water Act; the
303(d) list includes listings for contaminants in the sediments and tissues from the Inlets and many stream
segments within the watershed are identified on the 303(d) list for fecal coliforms and/or temperature
(WDOE 1998). The 303(d) listing will require the development of a watershed clean-up plan or Total Max-
imum Daily Loading (TMDL) to establish limits on pollutants that can be discharged into the waterbodies
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(WDOE 2001). Fecal coliform contamination is also an issue in the Inlets. Shellfish beds are closed
because of concerns from contamination from Combined Sewer Overflows (CSOs). Currently, the City of
Bremerton is constructing major improvements to the sewer system to separate sanitary wastes from
stormwater (City of Bremerton 2001). Areas of Sinclair and Dyes Inlet have sediments contaminated with
heavy metals and toxic organic compounds and clean up and dredging are currently being conducted by the
Navy for areas adjacent to PSNS, Naval Station Bremerton (NSB and others 2000b), and the Naval
Hogpital at Jackson Park (NSB 2000a). At the Shipyard, permitted industrial discharges have stringent
discharge limitations requiring costly treatment systems, yet they only account for afraction of the loading
coming into the Inlet (Johnson and others 1998). Eutrophication is also a concern. Low dissolved oxygen
has been observed at head of Sinclair Inlet (Katz and others 1999), and algal blooms, red tides, and jellyfish
blooms are also prevalent. In addition, important fish, wildlife, and habitat resources need to be protected
and the Endangered Species Act requires protection of endangered or threatened species (e.g. salmon).

The Shipyard chose to pursue this pilot project because the Navy believes that the application of innovative
ecological risk assessment tools at the watershed scale will improve TMDL development and result in a
more environmentally protective strategy for managing pollutant sourcesin Sinclair and Dyes Inlets. The
goal will be to redirect tax dollars currently spent meeting compliance requirements, to activities that will
surpass current regula-
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problems at the Shipyard can only be interpreted within the context of Sinclair Inlet, while problems within
the Inlet are related to problems within the receiving water system and the surrounding watershed. Central
in this assessment is the idea that the quality of water draining into the Inletsis a function of the land use
and discharge activities that are occurring within the watershed.

Ecorisk Process

Ecological risk isthe likelihood that ecological impacts are occurring or will occur (US EPA 1992, 1998).
Ecological risk assessment requires a firm understanding of the important ecological processes at work
within the system (Figure 2). These processes include how water moves from rain to streams and creeks
into the tidally dominated estuary (hydrology); the interaction among plants and animals, soils and
groundwater, sediments and water column, and the uptake of nutrients and the assimilation of wastes
(biogeochemistry); the sources of stress on the natural systems and effects to components of the ecosystem
(ecotoxicology); and how components of the system interact (dynamics). From the knowledge of key
ecological processes a conceptual model or “picture” of how the system worksis developed. The
conceptual model provides the basis for formulating the risk assessment and guides the devel opment of
specific ecological studies and evaluations needed to assess risk. Exposure and Effects Characterization
will require data on stressor levelsin the environment, the ecological health and condition of ecological
resources, and toxicological information from the literature to help relate exposure levels to ecological
effects.

The ecological risk assessment process (Figure 2) will develop the problem formulation (What are the
guestions being asked?), identify the assessment endpoints (What should be protected?) and exposure
pathways (How can ecological resources be harmed?), characterize stress (Measure pollution levels), char
acterize ecological effects (Measure toxicity and ecological effects), and characterize risk by weighing the
lines of evidence and developing conclusions about risk. The risk assessment will also provide important
feedback on the conceptual model and the understanding of how the system works. The conclusions about
risk will be used to develop effective risk management and alterative regulatory strategies aimed at
reducing and eliminating ecological risk. Follow up monitoring will verify the risk assessment and evaluate
the success of aternatives for reducing risk.
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Figure 2. The Ecological Risk Assessment Process.

Conceptual Mode

The conceptual model identifies the major components of the system (Figure 3). Sources of stress enter the
system through industrial discharges, outflows from sewage treatment plants, storm water drains, combined
sewer overflows, and streams. The water quality of the industrial and treatment plant outfalls are a function
of the wastewater treatment systemsin place and the permissible discharge allowed by National Pollution
Discharge Elimination System permits. The water quality of the storm water and the streamsis afunction
of the landscape from which the water drains and spills which may enter the drainage system. Once
released into receiving the water system, the discharges are mixed and transported by complicated currents
that are driven by the tides, winds, and weather events. Residual contamination within the system from past
releases shows up as pockets of contaminated sediments and el evated concentrations of contaminantsin the
tissues of fish and shellfish. Currently, mgjor efforts are underway by the Navy to clean up contaminated
areasidentified near PSNSin Sinclair Inlet (NSB and others 2000b) and Jackson Park (NSB and others
2000a) in Dyes Inlet and by the City of Bremerton to eliminate and control CSO releases in the Port
Washington Narrows (City of Bremerton 2000).
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Figure 3. Conceptual model of major processes within the watershed.

Project Structure

The project management structure for the project consists of the Project Management Team, a Technical
Steering Committee, and Technical Working Groups formed to address specific technical areas and issues
(Figure 4). The project management team consists of one representative from each of the signatory agen-
cies. The role of the project management team is to guide project development through both Phase | and 11
of the ENVVEST/XL project. The Navy is providing funding for the PSNS ENVVEST Project and the
PSNS and Navy Region Northwest are the Navy Resource Sponsors for the project. The Technical Steering
Committee is made of the technical leads from the PSNS technical team and the technical leads from EPA
and Ecology. The Technical Steering Committee will oversee the devel opment of atechnical master plan
(PSNS ENVVEST 2001) and will assure that the technical master plan will meet the goals and milestones
defined by the Project Management Team. The Technical Steering Committee will periodically review and
update the technical master plan, identify issues and concerns that need to be addressed by the Project
Management Team, assist with reviewing and interpreting technical results, and evaluating the implications
of technical accomplishmentsin meeting project goals, milestones, and objectives. The Technical Steering
Committee will also provide technical direction and guidance to the technical team and Technical Working
Groups in conducting specific technical tasks.

The Technical Working Groups are made up of representatives of the technical team and technical
representatives of stakeholders and agencies who have an interest or stake in the technical issues being
addressed. The Technical Working Groups will assist the technical team in conducting data gathering and
analysis activities to devel op the technical data and information needed for the project. The Technical
Working Groups will provide aforum for evaluating, recommending, and documenting technical decisions
and plans, appraising the status and direction of the work, and help devel op a consensus on technical issues.
The Technical Working Groups will also assist in identifying specific issues for consideration by the
Project Management Team. The Technical Working Groups will provide an important opportunity for
stakeholder input and involvement in devel oping and implementing the technical approach for the project.
The Technical Working Groups will be organized according to the schedules and objectives defined in the
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technical master plan and are open to participation by members of the technical team, stakeholder technical
representatives, regulatory representatives, and members of the science advisory panel.

Project Management Team
Navy, EPA, Ecology
Goals and Objectives

Community

Technical Technical Steering Committee Working
Stakeholders Technical Coordination and Direction

Group

Technical Working Groups |

Ecorisk Studies Watershed Studies

« Ecorisk Assessment «GIS Layers for Watershed
e« Understanding of Ecosystem « Watershed Monitoring

« Ecosystems Analysis e Landscape Ecology

Modeling Studies Regulatory Initiatives
- Modeling Capability « Regulatory Framework

» Model Applications « Apply Process for TMDL
« Scenario Analyses « Alternative Strategies

Figure 4. Project management structure for the PSNS ENVVEST Project.

The Science Advisory Panel is composed of recognized scientific expertsin disciplines directly applicable
to the scientific issues being addressed by the PSNS ENVVEST project. The scientific advisory panel will
be available to advise the Project Management Team, Technical Steering Committee, and Technical Work-
ing Groups on scientific issues of importance to the PSNS ENVVEST project. The Scientific Advisory
Panel will also assist in peer reviewing the technical reports and products produced during the project.

Results and information developed by the Technical Working Groups will also be presented and made
available to the Community Working Group. A Community Working Group has been formed to provide a
forum to foster openness and trust, help in conveying information about the project to the community, help
in identifying community concerns, help in obtaining a diversity of viewpoints, and provide feedback on
proposed decisions. The Community Working Group will meet periodically to discuss progress and status
of the project, represent community interests, and weigh in on issues of concern to the community.
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Technical Approach
The technical approach isto develop tools for conducting the assessment and performing specific studies
and evaluations to identify relationships among sources of stress and impacts to ecological resources (US
EPA 2000). Technical objectives are being developed for the following focus areas:

(1) Ecological Studiesand Risk Assessment

(2) Modeling Studies

(3) Watershed Studies

(4) Regulatory Studies
In addition, core capabilities for data base management, geographic information system (GIS) analyses, and
web-enabled project documentation and reporting are defined that will be required for successful
implementation of the project (Figure 4).

Ecorisk Studies

The objectives for the Ecorisk Studies working group are to conduct an ecological risk assessment for the
watershed, develop a better understanding of how the ecosystem works, and perform ecosystems analysis
with the aim of relating management options to potential ecological responses. The questions to be ad-
dressed by the risk assessment are: I's there unacceptable risk to ecological resources in the watershed? If
so, which ecological resources are most threatened? Which stressors are most likely to be causing risk (risk
drivers)? Where are the potential sources of stress coming from? And what are the options for reducing
risk? Risk management and policy options for reducing and avoiding risk include cleaning up sources of
contamination, developing TMDL s and implementing appropriate point and nonpoint source controls, re-
storing and rehabilitating damaged habitat, enhancing existing habitat, and monitoring natural attenuation.

Risk assessment tasks are defined to formulate the problem, conduct a screening level risk assessment, and
prepare a baseline risk assessment for the receiving waters and streams within the watershed. Ecological
studies are planned to fill critical data and information gaps necessary to perform the risk assessment. The
objectives of problem formulation are to devel op the conceptual model that will be used to guide the risk
assessment process, identify the assessment endpoints, the exposure pathways, and the stressors of concern.
The problem formulation for the watershed needs to include both the receiving water system (Inlets) as
well as the streams. The problem formulation will aso incorporate stakeholder inputs and be understand-
able to nontechnical reviewers and the general public. Recently, water quality surveys (NRaD 1995b, SSC
1998b) in the Inlets were conducted to provide baseline data on circulation, hydrography, and water quality
for dry and wet weather conditions (Katz and others 1999), Benthic Flux Sampling Devices (NRaD 19953,
SSC 1998a, Hampton and Chadwick 2000) were deployed in April/May 2000 to make direct measurements
of the flux of contaminants from the sediment and measure sediment oxygen demand at nine sites within
Sinclair and Dyes Inlets (Davidson and others 2001), and selected stream segments have been sampled for
macroinvertebrates.

Modeing Studies

The modeling studies have two thrusts (1) developing a capability to model the watershed and receiving
waters and (2) applying the models to answer specific Ecorisk, TMDL, and other regulatory questions. An
integrated modeling system is being developed that will include the surrounding watershed and hydro-
dynamic and contaminant transport within the receiving waters of the Inlets. The modeling studies consist
of a series of tasks to develop the integrated modeling capability and conduct specific model applications to
support risk analysis, watershed studies, regulatory studies, and respond to stakeholder input. The final
modeling product will provide the capability to simulate various risk management and policy alternatives.
The models selected for this portion of the project are Hydrological Simulation Program Fortran (HSPF)
for the watershed and Curvilinear Hydrodynamics in 3-dimensions (CH3D) and Water Analysis Simulation
Program (WASP) for the receiving waters. Although HSPF is alumped parameter model, it is the only
public-domain model currently available that can simulate both hydrologic and water quality parameters at
the watershed scale. The HSPF model has been widely used, it has alarge user group, and it isa commonly
accepted regulatory tool (US EPA 2001).

Originally developed by the Army Corps of Engineers for the Chesapeake Bay estuarine system, CH3D
calculates time-varying 3-dimensional numerical flow fields for water surface, velocity, salinity, and
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temperature to simulate vertical and horizontal mixing (Johnson and others 1991). The CH3D model uses
curvilinear boundary-fitted numerical gridsin the horizontal plane. The gridding in the vertical directionis
z-grid, which divides the water column into many layers of equal thickness, with number of layers varying
from several layers for deeper regions to one layer for extremely shallow regions (< 3m). CH3D is capable
of handling a variety of external forcing functions, including tides, winds, tributary flows, point and non-
point sources, as well as baroclinic effects due to density differences between freshwater inflows and saline
Inlet water (Johnson and others 1991, Wang and Richter 1999, Wang 2001). Its open code, flexibility in
defining model grids, and process-based numerical scheme makes CH3D very versatile in developing
applications for coastal and estuarine systems. Presently, CH3D models are being used to simulate a variety
of Navy harborsincluding Sinclair/Dyes Inlet, Norfolk/Hampton Roads, VA, Little Creek, VA, and Pearl
Harbor, HI (P.F. Wang, SSC, personal communication).

The Water Analysis Simulation Program (WASP) is supported and distributed by the U.S. EPA Center For
Exposure Assessment Modeling (CEAM). WASP “is a generalized framework for modeling contaminant
fate and transport in surface waters. Based on the flexible compartment modeling approach, it can be
applied in one, two or three dimensions and is designed to permit easy substitution of user-written routines
into program structure. Problems studied using WA SP framework include biochemical oxygen demand and
dissolved oxygen dynamics nutrients and eutrophication, bacterial contamination, and organic chemica and
heavy metal contamination” (US EPA CEAM 2001).

There are two components to WASP: (1) Toxics, TOXI5, which combines chemical kinetic subroutines
with the WASP transport structure and simple sediment balance algorithms to predict dissolved and sorbed
chemical concentrations in the bed and overlying waters; and (2) Dissolved Oxygen (DO)/Eutrophication,
EUTROS5, which combines eutrophication kinetic subroutines within the WASP transport structure to
predict DO and phytoplankton dynamics affected by nutrients and organic material.

In June of 2000, a Modeling Sub-Working Group of Stakeholders came together address the issue of fecal
coliform contamination of shellfish bedsin Dyes Inlet from combined sewer overflows in the Port Wash-
ington Narrows. Participants in the working group included the Suquamish Tribe, Washington State De-
partment of Health, City of Bremerton, Kitsap County, CTC, PSNS, and SSC. The working group deter-
mined that shellfish bedsin upper Dyes Inlet remain closed mainly due to uncertainty about CSO overflows
in the Port Washington Narrows. A modeling study was proposed to model a“typical” CSO overflow event
on incoming tide. Key issues identified included the lack of knowledge on current and transport patternsin
upper Dyes Inlet, the need for data on CSO events and discharge parameters, and data needed to support
the modeling approach. The Navy and Stakeholder Team planned and cooperatively executed a drogue and
current meter study for Dyes Inlet in the fall of 2000. The study provided data to address the key issues
identified by the working group and are currently being used to calibrate the CH3D model for the Inlets.

For the Inlets, a WASP box model has been setup to run long-term simulations (years to decades) and the
kinetic subroutines from WASP have been linked directly to CH3D so that short-term dynamic simulations
(days to months) can be calculated. The grid for CH3D has been refined and a Lagrangian particle tracking
model within CH3D is being calibrated with the drogue study data to simulate CSO releases. The beta
version of software to animate CH3D resultsis undergoing final testing and updates to CH3D manual are
being incorporated into the electronic users manual. For the watershed model, hydrologic properties of the
study area have been defined, major subbasins within the watershed have been identified, data available on
topography, soils, landuse, stream flow, and water quality have been catalogued and evaluated, the initial
watershed development training class has been completed, and the hydrologic components for models of
Gorgt, Blackjack, Chico, Clear, Strawberry, and Barker Creeks (Figure 2) have been set up.

Water shed Studies

Watershed studies are being conducted to define the environmental setting of the landscape, identify
sources and volumes of runoff, evaluate the contribution of contaminants and water quality from the
landscape, and identify sources of stress and impact on the ecological system. The GIS layersto be
developed consist of: natural features including soils, topography, steep slopes, vegetative cover, forest,
shrub, and grass, manmade features including land use, urban, industrial, commercial, institutional, high
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density suburban, medium density suburban, low density suburban, rural residential, agricultural, and
military; estimates of imperviousness using land use-based conversion factors; estimates for roads (types),
road-density, and stormwater infrastructure; delineation of surface and riparian corridors including streams,
wetlands, lakes, estuaries, and near shore areas; and the lateral extent (10/30/50/100 meter analysis bands),
longitudinal continuity/fragmentation (breaks/km), vegetation quality (mature or young forest/wetlands/de-
veloped) of riparian corridors.

Watershed monitoring will consist of hydrological, meteorological, water quality, and biological effects
monitoring. In consultation with the Project Copartners and Technical Stakeholders a watershed monitoring
program will be developed to provide input to the Ecorisk, Modeling, and Regulatory Working Groups.
Landscape ecology analyses, utilizing GIS tools, will be conducted to determine the major sources of
stream flow into the Inlets and eval uate whether relative stream flows based on historical data can be used
to estimate stream flows for periods where there are hiatuses in the data record. Estimates of water quality
as afunction of lan duse will also be developed. Thiswill consist of a GIS analysis using default values for
loadings (US EPA 1983) to assess which areas of the watershed will have the highest potential for
contaminant loading. Initially, the results from the analysis will be used to prioritize streams and
stormwater flows that need to be monitored. The default values will be updated with empirical relationships
between land use and runoff developed from the watershed monitoring data.

Regulatory Initiatives

Thiswork area addresses studies and analyses that will be conducted to define and satisfy existing
regulatory requirements, leading to a better understanding of the regulatory process and needs (what's
driving the regulations? public opinion? court decisions? legislative mandates?...) and the devel opment of
a better way to accomplish the same goals. Regulatory studies will be focused on defining the regulatory
framework for the watershed and working with Copartners and project participants to prepare a Water
Cleanup Plan for the Watershed (WDOE 1999). The Water Cleanup Plan will define the plans goals and
affected parties, identify cooperative efforts, design the technical study, detail the modeling and watershed
studies that need to be conducted, and prepare the technical study project plan for external review. This task
will also develop a process for addressing Clean Water Act Section 303(d)-listed contaminants of concern
for the watershed. Thistask will involve working with Copartners, stakeholders, and the community to
develop a process for addressing 303(d)-listed contaminants of concern to remove the “impaired water
body” statusfor Sinclair and Dyes Inlets and the contributing watershed.

Obtaining Flexibility
Based on the results of the Phase | studies of the watershed, recommendations for alternative strategies will
be developed. The studies and research conducted would result in recommendations for implementation
and define the evaluation criteria that will used to monitor performance and determine if there are
measurable improvements in environmental quality (Figure 5). The information gained from Phase | will be
used to evaluate whether an alternative scheme for regulating and monitoring surface water bodies like
Sinclair Inlet as a watershed should be developed, and if so, to develop and demonstrate alternative
strategies. Initiatives to reduce and prevent marine pollution, ecosystem restoration schemes, long-term
ambient monitoring plans, and possible regulatory flexibility, such as pollutant trading, are processes that
may be included in the recommendations.
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Figure 5. The scheme for obtaining flexibility (adapted from the Hamilton Harbor and Cootes Paradise
Restoration Project, Ontario, Canada).

Conclusion

Therisk to ecological resourcesis being assessed at the watershed scale to develop and demonstrate alter-
native strategies for protecting and improving the ecological integrity of Sinclair and Dyes Inlets. The
watershed-based ecological risk assessment is evaluating environmental problems at the proper scale, pro-
viding an integrating framework for cooperative studies with stakeholders and partners, and developing
linkages between problems and management options. The studies are providing data to address key issues
identified by the working groups, improving the understanding of how the ecosystem functions, and in-
creasing the ability to solve environmental problems. The Technical Working Groups are fostering partner-
ing among stakehol ders and establishing the technical and scientific basisto better protect and improve the
health of the watershed.

References

City of Bremerton, 2000. Cooperative Approach to CSO Reduction.
http://www.cityofbremerton.com/index1.html

Davidson and others2001. Sediment Flux Assessment in Sinclair and Dyes Inlet. Presentation at the 2001
Puget Sound Research Conference, February 12 to 14, 2001, Bellevue, Washington.

Hampton, T. W. and D. B. Chadwick, 2000. Quantifying In Situ Metal Contaminant Mobility in Marine
Sediments. Space and Naval Warfare Systems Center TECHNICAL REPORT 1826, June 2000, San
Diego, CA. http://www.spawar.navy.mil/sti/publications/pubs/tr/1826/tr1826.pdf

Johnson, B. H., Kim, K. W., Heath, R. H., Butler, H. L., and Hsieh, B. B. 1991. "User's Guide for a Three-
Dimensional Numerical Hydrodynamic, Salinity, and Temperature Model of Chesapeake Bay,"
Technical Report HL-91-20, US Army Engineer Waterways Experiment Station, Vicksburg, MS.

Johnson, H.D., J.G. Grovhoug, and A.O. Valkirs. Supplemental 1 to TD 3052. Copper Loading to U.S.
Navy Harbors: Bremerton, WA. SSC San Diego TD 3052, December 1998.

Katz, C.N., P.L. Noble, D.B. Chadwick, B. Davidson, and R.D. Gauthier 1999. Sinclair Inlet Water Quality
Assessment DRAFT. Puget Sound Wastewater Technology and Evaluation Research Project, Space
and Naval Warfare Systems Center, San Diego, Ca. September 30, 1999.

Naval Command, Control, and Ocean Surveillance Center RDT&E Division (NRaD 1995a) Environmental
Sciences Division 1995. Benthic Flux Sampling Device. NRaD TD 2790, San Diego, Ca, April 1995.
http://www.spawar.navy.mil/sti/publications/pubs/td/2790/index.html



http://www.cityofbremerton.com/index1.html
http://www.wa.gov/puget_sound/Publications/2001research/abstract_book/RC01_poster_abstracts.pdf
http://www.wa.gov/puget_sound/Publications/2001research/2001research.htm
http://www.wa.gov/puget_sound/Publications/2001research/2001research.htm
http://www.spawar.navy.mil/sti/publications/pubs/tr/1826/tr1826.pdf
http://www.spawar.navy.mil/sti/publications/pubs/td/2790/index.html
http://www.spawar.navy.mil/sti/publications/pubs/td/2790/index.html

Johnston and others: A Watershed-based Ecological Risk Assessment for Sinclair Inlet

NRaD Environmental Sciences Division 1995b. Marine Environmental Survey Capability. NRaD TD 2789,
San Diego, Ca,March 1995. http://www.spawar.navy.mil/sti/publications/pubs/td/2789/index.html

Naval Station Bremerton (NSB), Naval Hospital Bremerton, Washington Department of Ecology, and US
EPA 2000a. Record of Decision Jackson Park Housing Complex/Naval Hospital Bremerton Operable
Unit 1. US Navy CLEAN Contract No. N62474-89-D-9295 CTO 0031, Engineering Fiedl Activity
Northwest Naval Facilities Engineering Command, Poulsbo, Wa.

Naval Station Bremerton (NSB), Puget Sound Naval Shipyard (PSNS), Washington Department of
Ecology and US EPA 2000. Final Record of Decision Bremerton Naval Complex Operable Unit B
Marine. US Navy CLEAN Contract No. N62474-89-D-9295 CTO 0131, Engineering Field Activity
Northwest Naval Facilities Engineering Command, Poulsbo, Wa..

Navy, EPA, and Ecology 2000. Puget Sound Naval Shipyard Project ENVVEST Final Project Agreement,
September 25, 2000 [Federal Register: October 23, 2000 (Volume 65, Number 205)]
http://www.epa.gov/ProjectX L/puget2/)

PSNS ENVVEST 2001. Puget Sound Naval Shipyard ENVVEST Project Technical Work Master Plan,
Draft, March 23, 2001.

Space and Naval Warfare Systems Center (SSC) Environmental Sciences Division 1998a. Integrated
Sediment Assessment Technology and Management Strategies. SSC SD 131, San Diego, Ca
November 1998. http://www.spawar.navy.mil/sti/publications/pubs/sd/131/sd131. pdf

SSC Environmental Sciences Division 1998b. Marine Environmental Quality Assessment and
Management. SSC SD 133, San Diego, Ca, November 1998.
http://www.spawar.navy.mil/sti/publications/pubs/sd/133/sd133.pdf

US EPA 1983. Results of the Nationwide Urban Runoff Program EPA841-S-83-109 12/83.
http://mww.epa.gov/owow!/info/PubList/publist4.html

U.S. EPA. 1992. Framework for Ecological Risk Assessment. Risk Assessment Forum, EPA/630/R-
92/001, Washington, D.C., 41pp

US EPA 1998. Guidelines for Ecological Risk Assessment. Office of Research and Development, Risk
Assessment Forum, EPA/630/R-95/002f, May 1998 Washington, D.C.

US EPA 2000. Workshop Report on Characterizing Ecological Risk at the Watershed Scale. National
Center for Environmental Assessment-W, Office of Research and Development, EPA/600/R-99/111,
Washington, DC.

US EPA 2001. Better Assessment Science Integrating Point and Nonpoint Sources (BASINS)
http://www.epa.gov/OST/BASINS/basinsv2.htm

US EPA CEAM 2001. U.S. EPA Center For Exposure Assessment Modeling: WASP.
http://www.epa.gov/ceampubl/wasp.htm

Wang, P.F and K.E. Richter 1999. A Hydrodynamic Modeling Study Using CH3D for Sinclair Inlet, Draft
Report. Space and Naval Warfare Systems Center, San Diego, CA, November 3, 1999.

Wang, P.F 2001. Dispersion resulting from aggregating hydrodynamic propertiesin water quality
modeling. International Journal of Engineering Science 39 95-112.

Washington State Department of Ecology (WDOE) 1998. Ecology's 1998 Section 303(d) List of Impaired
and Threatened Waterbodies. http://www.ecy.wa.gov/programs/wg/303d/1998/1998-index.html



http://www.spawar.navy.mil/sti/publications/pubs/td/2789/index.html
http://www.spawar.navy.mil/sti/publications/pubs/td/2789/index.html
http://www.epa.gov/ProjectXL/puget2/
http://www.spawar.navy.mil/sti/publications/pubs/sd/131/sd131.pdf
http://www.spawar.navy.mil/sti/publications/pubs/sd/131/sd131.pdf
http://www.spawar.navy.mil/sti/publications/pubs/sd/131/sd131.pdf
http://www.spawar.navy.mil/sti/publications/pubs/sd/133/sd133.pdf
http://www.spawar.navy.mil/sti/publications/pubs/sd/133/sd133.pdf
http://www.spawar.navy.mil/sti/publications/pubs/sd/133/sd133.pdf
http://www.epa.gov/owow/info/PubList/publist4.html
http://www.epa.gov/OST/BASINS/basinsv2.htm
http://www.epa.gov/ceampubl/wasp.htm
http://www.epa.gov/ceampubl/wasp.htm
http://www.ecy.wa.gov/programs/wq/303d/index.html

Puget Sound Research 2001

Washington State Department of Ecology 2001. Water Quality Program Water Cleanup Plans (TMDLS)
http://www.ecy.wa.gov/programs/wg/tmdl/index.html#overview



http://www.ecy.wa.gov/programs/wq/tmdl/index.html#overview

	A Watershed-Based Ecological Risk Assessment �for Sinclair Inlet, Washington
	Abstract
	Introduction
	Study Area
	Ecorisk Process
	Conceptual Model
	Project Structure
	Technical Approach
	References

